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Asthma is a variable disease characterized by periods of generally 
well-controlled asthma interspersed with worsenings and, if 

allowed to progress, more severe exacerbations. The current manage-
ment of asthma focuses on achieving optimal asthma control through 
the use of recommended maintenance therapies such as inhaled corti-
costeroids (ICSs), leukotriene receptor antagonists (LTRAs), or ICS/
long-acting beta-2 agonist (LABA) combinations (1,2). Despite these 
treatments, asthma control remains suboptimal (3). Surveys of asthma 
patients have shown that the majority of those prescribed a combina-
tion ICS/LABA treatment or ICS therapy alone still experience periods 

of asthma worsenings requiring daily short-acting beta-2 agonist 
(SABA) therapy at least once per day, with high proportions reporting 
daytime symptoms, night-time awakenings and hospital admissions 
due to asthma (4-7). Furthermore, even those with well-controlled 
disease experience periods of asthma worsenings (4). A recent ran-
domized trial of over 2000 asthma patients who had experienced an 
exacerbation in the previous year found that despite using moderate to 
high doses of combination ICS/LABA therapy, episodes of high 
reliever use on a single day were common and were often associated 
with a high subsequent risk of an exacerbation (8). 
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Most asthma patients prescribed maintenance asthma therapies still expe-
rience periods of asthma worsenings characterized by daytime or night-
time symptoms, or an increased need for rescue medication. In fact, these 
episodes are highly prevalent even in patients with well-controlled disease. 
Published literature suggests that asthma worsenings likely represent a 
window of opportunity during which patients could intervene early to 
prevent exacerbations or further deterioration of asthma symptoms. 
However, current evidence suggests that most patients fail to respond or to 
self-manage appropriately during these periods.
To address the issue of asthma worsenings, an interdisciplinary committee 
of respirologists, allergists, family physicians, pharmacists and certified 
asthma educators from across Canada developed a practical definition of 
asthma worsenings and provided approaches to the prevention and man-
agement of these episodes based on current literature. To date, combina-
tion inhaled corticosteroid/long-acting beta-agonist therapy, particularly 
single inhaler maintenance and reliever therapy, appears to be an effective 
strategy for preventing asthma worsenings and exacerbations. Addressing 
the potential barriers to appropriate patient self-management of asthma 
worsenings, such as failure to adequately identify and respond to worsen-
ings, low expectations for controlling asthma, low health literacy and poor 
patient-health care professional communication, are also critical to the 
successful prevention and management of these episodes. Finally, an inter-
disciplinary team approach involving patients and their families, certified 
asthma educators, primary care physicians, pharmacists and specialists is 
likely to have the greatest impact on the identification, prevention and 
management of asthma worsenings. 
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Les aggravations de l’asthme : Les démarches 
de prévention et de prise en charge du groupe 
de travail sur les aggravations de l’asthme

La plupart des asthmatiques qui prennent un traitement d’entretien 
prescrit contre l’asthme vivent tout de même des périodes d’aggravation de 
l’asthme caractérisées par des symptômes diurnes ou nocturnes ou par un 
besoin accru de médicaments de rattrapage. En fait, ces épisodes sont 
hautement prévalents, même chez les patients dont la maladie est bien 
contrôlée. Selon les publications, les aggravations de l’asthme 
représenteraient probablement un créneau au cours duquel les patients 
pourraient intervenir rapidement pour prévenir les exacerbations ou la 
poursuite de la détérioration des symptômes de l’asthme. Cependant, 
d’après les données probantes, la plupart des patients ne réagissent pas ou 
ne se soignent pas convenablement pendant ces périodes.
Pour s’attaquer au problème des aggravations de l’asthme, un comité 
interdisciplinaire composé de pneumologues, d’allergologues, de médecins 
de famille, de pharmaciens et d’éducateurs certifiés dans le domaine de 
l’asthme (ÉCA) du Canada entier ont élaboré une définition pratique des 
aggravations de l’asthme et proposé des démarches de prévention et de 
prise en charge de ces épisodes, fondées sur les publications à jour. Jusqu’à 
présent, l’association de corticoïdes par aérosol et de bêta-agonistes à 
action prolongée, notamment une thérapie d’entretien et de soulagement 
unique par inhalation, semble une stratégie de prévention efficace des 
aggravations et des exacerbations de l’asthme. Pour réussir à prévenir et à 
prendre en charge ces épisodes, il est également essentiel de s’attaquer aux 
obstacles potentiels à une prise en charge pertinente des aggravations de 
l’asthme par les patients, tels que l’incapacité de repérer et de réagir 
correctement aux aggravations, les faibles attentes quant au contrôle de 
l’asthme, le peu de connaissances en santé et la mauvaise communication 
entre les patients et les professionnels de la santé. Enfin, une démarche 
interdisciplinaire faisant participer les patients et leur famille, les ÉCA, les 
médecins de premier recours, les pharmaciens et les spécialistes aura 
probablement les répercussions les plus positives sur le dépistage, la 
prévention et la prise en charge des aggravations de l’asthme.
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Although most of these asthma worsenings may not be par-
ticularly severe, these episodes have a significant impact on 
patient quality of life (QOL) (4) as well as potential societal and 
economic consequences (9-11). In addition, published literature 
suggests that these worsenings likely represent a window of 
opportunity during which patients could intervene early to pre-
vent exacerbations or further deterioration of symptoms (12). 

In March 2008, an interdisciplinary committee of respirolo-
gists, allergists, family physicians, pharmacists and certified 
asthma educators from across Canada – known as the Asthma 
Worsenings Working Group (AWWG) – convened to review 
the current literature surrounding asthma worsenings and, 
based on their review, provide both a definition of asthma 
worsenings as well as practical approaches to the prevention 
and management of these episodes. The present manuscript 
summarizes these approaches and also provides an overview of 
asthma worsenings, focusing on the potential impact of these 
episodes on lung function, QOL, and the overall societal and 
economic costs of asthma.

DEfinition of ASthMA WoRSEninG
There is currently no consensus definition of an asthma 
worsening. However, definitions found in the literature gener-
ally include references to increased SABA use, peak expiratory 
flow (PEF) changes, and increased daytime and night-time 
symptoms, including awakenings (4,13-15). Recently, Zhang 
et al (15) proposed and validated the following definition of 
asthma worsenings, which includes any one of the following 
criteria on any study day during treatment: decrease in mor-
ning PEF greater than 20% from baseline; increase in SABA 
use greater than 70% above baseline (minimum increase of 
2 puffs/day); increase in the symptom score greater than 50% 
above baseline; awakenings more than twice in a night; and 
the occurrence of asthma attacks provoking moderate to 
marked rescue intervention (oral corticosteroid rescue, visit to 
physician’s office, emergency room [ER] or hospital). The con-
struct validity of this definition was assessed by examining the 

correlation between the percentage of days with asthma 
worsenings and global measures of asthma control, changes in 
asthma specific QOL and changes in forced expiratory volume 
in 1 s (FEV1) (15). 

Evidence suggests that increasing symptoms, increasing 
need for rescue medications and night-time awakenings are all 
predictive of asthma worsenings. In their four-week observa-
tion of over 2000 asthma patients, McCoy et al (16) found that 
the relative risk (RR) of both asthma worsenings (defined as 
episodes of poorly controlled asthma) and exacerbations 
increased more or less linearly with the presence and intensity 
of symptoms (as measured by the Two-week Asthma Symptom 
Score [AS-2]). An analysis of more than 400 severe exacerba-
tions that were documented in the Formoterol and 
Corticosteroid Establishing Therapy (FACET) study (12) 
found that the most sensitive index of asthma worsenings was 
the increased need for rescue SABA therapy in the 14 days 
preceding the exacerbation, followed by a fall in peak flow and 
an increase in night-time symptoms. 

Based on this evidence as well as the validated definition by 
Zhang et al (15), the AWWG developed a practical definition 
that can be used by both healthcare professionals and patients 
to easily identify periods of asthma worsening (Box).

Using this definition, asthma worsenings can be differenti-
ated from both asthma control and exacerbations. Asthma 
control can be considered an overall state or goal for asthma 
management that is usually assessed over a time period of at 
least one week and that is based on numerous criteria including 
SABA use, daytime and nocturnal symptoms, lung function, 
restrictions in daily and physical activities, and health care 
resource use. The concept of asthma control is generally not 
used or well understood by patients, as evidenced by results 
from The Reality of Asthma Control (TRAC) in Canada study 
(13). Almost all (97%) of the 893 patients included in this 
study believed that they had controlled asthma; however, only 
47% had controlled disease according to non-pulmonary-
function-based (ie, symptom and reliever use-based) guideline 
criteria (13). 

An asthma worsening is based on the assessment of cur-
rent asthma status on a specific day and represents a specific 
time point in the evolution of asthma that requires immedi-
ate action. Because patients generally associate asthma with 
changes in symptoms, they may be more likely to identify 
with the concept of asthma worsenings than asthma control. 
Exacerbations are considered a more severe subset of worsen-
ings (Figure 1) and may be defined as a deterioration in 
asthma requiring emergency treatment and/or oral cortico-
steroid therapy. 

WWWW

ExacerbationsExacerbations

Asthma Worsenings

figure 1) Exacerbations are a subset of asthma worsenings

Definition of asthma worsening as proposed by the 
AWWG.

Asthma worsening can be defined as an increase in asthma 
symptoms that are considered “bothersome”, that affect 
normal functioning or sleep, or that lead to an increase in 
as-needed rescue medication*.

*Two or more inhalations above the baseline mean value
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Asthma worsenings can also be differentiated from uncon-
trolled asthma. In the TRAC study, patients who were con-
sidered to have their asthma controlled over time had frequent 
episodes of worsenings but few exacerbations, while patients 
with uncontrolled asthma had both frequent worsenings and 
exacerbations (17). Partridge et al (4) also found that asthma 
worsenings were common, regardless of level of asthma con-
trol. 

According to Reddel et al (18), the pattern of deterioration 
seen in exacerbations, and possibly worsenings as well, is differ-
ent from that seen during episodes of poor asthma control. For 
example, the investigators found that peak flow variation was 
strikingly different during an asthma exacerbation when com-
pared with periods of poor asthma control. During an exacerba-
tion, peak flow fell and then improved linearly over several 
days, and there was also an impaired response to SABA ther-
apy. Episodes of poor asthma control, on the other hand, were 
characterized by morning dipping in PEF, wide diurnal variabil-
ity and an impressive bronchodilator response (18). Therefore, 
this poor response to SABA treatment appears to delineate an 
asthma exacerbation from poor control, and may also help dif-
ferentiate asthma worsenings from poor control. 

hiGh PREvALEnCE of ASthMA WoRSEninGS
Evidence suggests that asthma worsenings are common, even 
in those patients receiving recommended and established 
asthma therapies. The TRAC survey (13,17) examined both 
patient (n=893) and physician (n=463) perceptions and man-
agement of asthma worsenings and exacerbations. The defin-
ition of an asthma worsening used in this study was more 
general than the AWWG definition and was defined as a time 
when asthma was at its worst (most out of control) or when  
symptoms worsened substantially. An asthma exacerbation 
was defined as an episode that required acute care (unsched-
uled physician visit, emergency department visit or overnight 
hospitalization). Regardless of the background level of con-
trol, almost all TRAC patients experienced an asthma worsen-
ing in the last year. These periods of asthma worsening were  

significantly longer in patients with uncontrolled versus con-
trolled asthma (Table 1) (17).

The International Asthma Patient Insight Research 
(INSPIRE) study (4) surveyed 3415 physician-recruited adults 
(aged 16 years or older) with asthma in 11 countries that were 
prescribed regular maintenance therapy with an ICS or ICS/
LABA combination. The study examined patients’ attitudes 
toward their asthma management, levels of asthma control, 
and the frequency and severity of asthma worsenings. Again, 
the definition of an asthma worsening used in this study was 
more general than the AWWG definition and was defined as 
occasions when asthma symptoms had become bothersome 
or intrusive in the past year. Despite all patients being pre-
scribed regular ICS maintenance therapy and a high propor-
tion of patients using concomitant LABA therapy, only 28% 
had well-controlled asthma according to their Asthma Control 
Questionnaire scores, with 51% of patients classified as having 
uncontrolled asthma. In addition, almost 90% of all patients 
experienced asthma worsenings during the last year (mean 
11.8 per year) (Figure 2). Even patients with well-controlled 
asthma reported an average of 6.3 worsenings per year. Overall, 
42% of patients rated their most recent asthma worsening as 
severe, 45% rated it as moderate and 13% as mild. On average, 
patients reported that 27% of the asthma worsenings experi-
enced in the last year were severe (4). 

In a four-week observational study, McCoy et al (16) exam-
ined periods of asthma worsenings and exacerbations in 
2032 asthma patients (aged three to 64 years). Episodes of 
asthma worsenings were defined as any one of the following 
during the study period: peak flow decrease of at least 30% 
of personal best; increased rescue medication use (increase 
in the daily use above the average use reported in the two 
weeks before randomization); new or increased oral cortico-
steroid use; or unscheduled health care visit or telephone call 
to a health care provider. Exacerbations were defined as a 

TABLE 1
The Reality of Asthma Control (TRAC) study: Asthma 
worsenings and exacerbations during the past year by 
asthma control status

Asthma worsening and  
exacerbation

Patients with 
uncontrolled 

asthma

Patients with 
controlled 

asthma P
Patients with worsening asthma 

and exacerbations, n (%)
474 (53) 418 (47)

Asthma worsening
Patients who experienced  
   at least one, %

95 82 <0.01

Mean duration, days 13.6 8 <0.02
Asthma exacerbation
Patients who had at least  
   one urgent office visit, %

72 15 <0.01

Patients who had at least  
   one emergency-room visit, %

32 3 <0.01

Patients who had at least  
   one hospitalization, %

7 0 <0.01

*Number of patients adds to 1 less than the total of 893 patients; 1 patient 
could not be classified because of “don’t know” responses or “no” answers to 
questions on asthma control. Reproduced with permission from reference 17. 
© The College of Family Physicians of Canada

0 5 10 15 20

Well controlled
(n=965)

Not well
controlled

(n=714)

Uncontrolled
(n=1732)

No. of worsenings/patient/year

figure 2) The International Asthma Patient Insight Research 
(INSPIRE) study: number (No) of asthma worsenings according to 
level of asthma control. Worsening defined as an occasion when 
asthma symptoms had become bothersome or intrusive in the past 
year. The mean number of worsenings for the total population was 
11.8 per year. Reproduced with permission from reference 4.  
© BioMed Central Ltd
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TABLE 2 
Overview of clinical trials examining worsenings (mild exacerbation days/days with symptoms) and severe exacerbations

Study Description
Definition of severe  

exacerbation
Patients with severe 

exacerbations, %
Definition of asthma  

worsening*
Patients with  

worsenings, %
Pauwels et 

al, 2003 
(19)

3-year, randomized,  
double-blind trial 

7241 patients (aged  
5–66 years) with mild  
persistent asthma

Bud vs placebo for  
3 years

Asthma-related event  
requiring hospital  
admission or  
emergency treatment, 
or death due to 
asthma

  Bud: 3.3
  Placebo: 5.5

Days with symptoms  
(opposite of symptom- 
free days)

Placebo vs bud: 
Year 1: 15% vs 11  
Year 2: 12% vs 11 
Year 3: 12% vs 10

Price et al, 
2003 (20)

16-week, double-blind,  
randomized, parallel group,  
non-inferiority study

889 adults (aged  
15-75 years) with  
inadequately controlled  
asthma

Mont + bud vs double-dose bud

A day with a >20% decrease 
from baseline in morning 
PEF; an increase in SABA 
use of >70% (minimum 
increase of two puffs), or an 
increase in symptom score 
of ≥50%, or an asthma 
attack (worsening of asthma 
requiring an unscheduled 
physician or ED visit,  
admission to hospital, or  
treatment with oral  
corticosteroids)

  Mont + bud: 1.6
  Double-dose bud: 2.3

Opposite of asthma-free 
days (defined as any day 
free of oral corticosteroid 
use, emergency care, noc-
turnal awakenings, with 
use of <2 puffs of SABA)

Mont + bud: 13.3
Double-dose bud: 17.8

O’Byrne et al, 
2005 (14)

1-year, randomized,  
double-blind trial

2760 patients (aged  
4–80 years) treated with ICS 
and a history of ≥1 exacer- 
bation in the last year

Treatment groups: 
Bud/form M + R 
Bud/form + SABA 
Bud + SABA

Deterioration in asthma  
resulting in hospitalization/
ED treatment, oral steroid 
treatment or morning PEF 
≤70% of baseline on  
2 consecutive days

  Bud/form M + R: 16
  Bud/form + SABA: 27
  Bud + SABA: 28

Mild exacerbation days:  
any day with awakening 
caused by asthma, with 
as-needed medication  
use of ≥2 inhalations 
above baseline mean 
value, or with morning 
PEF ≤80% of baseline 
mean value 

Bud/form M + R: 17
Bud/form + SABA: 23
Bud + SABA: 20

Lundbäck et 
al, 2006 
(21)

1-year, randomized, double- 
blind parallel-group study

282 patients (aged  
18–70 years) with mild  
to moderate asthma

Treatment groups: 
Salm/flutic 
Flutic alone  
Salm alone

Deterioration in asthma 
requiring an increase in  
rescue medication use over 
that used during run-in 
period of >6 puffs/day for  
≥2 consecutive days, or an 
increase of ≥2 doses/day  
in regular inhaled medica-
tion (study medication or 
additional ICS) for ≥2 days 
by the patient’s own deci-
sion, or  
≥2 days when asthma  
symptoms prevented  
work or normal activities

  % of patients experienc-
ing ≥2 exacerbations: 
   Salm/flutic: 4.2 
   Flutic: 17.4 
   Salm: 40.0

Days with symptoms  
(opposite of symptom- 
free days)

Salm/flutic: 33 
Flutic: 32.1
Salm: 55.5

Rabe  et al, 
2006 (22)

12-month, randomized, double-
blind, parallel-group study

3394 asthma patients (aged  
≥12 years) using bud/form  
maintenance therapy

 Designed to evaluate the addi-
tional benefits of the following 
as-needed therapies: 
   Bud/form 
   Form 
   Terbut

Deterioration in asthma  
resulting in emergency  
treatment or  
hospitalization or the need 
for oral steroids ≥3 days 

  Bud/form prn: 12
  Form prn: 17
  Terbut prn: 22

Mild exacerbation days:  
any night with an  
awakening due to asthma, 
morning PEF ≥20% below 
baseline or as-needed 
medication use of  
≥2 inhalations in  
24 h above baseline

Bud/form prn: 74
Form prn: 77
Terbut prn: 78

Boulet et al, 
2007 (24)

12-week, randomized,  
open-label study

474 patients (aged  
12–75 years) with moderate, 
persistent asthma

Ciclesonide vs flutic

Deterioration of asthma 
requiring treatment with  
oral steroids

  Ciclesonide: 1.3
  Flutic: 2.1 

Days with asthma  
symptoms and with  
rescue medication use

Ciclesonide: 15
Flutic: 16 
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subset of these worsenings and were characterized by either 
new or increased use of oral corticosteroids or by an unsched-
uled health care visit for asthma. During the 28-day follow-up, 
43.2% of participants had at least one asthma worsening. 
Approximately 24.3% of these episodes were characterized by 
the increased use of rescue medications, while nearly 15% were 
associated with exacerbations (16). 

During the AWWG’s review of the literature surrounding 
asthma worsenings, the group noted that the definitions of 
mild exacerbation days or days with symptoms in various clin-
ical trials of asthma therapies were similar to the group’s def-
inition of an asthma worsening (8,14,19-25). When 
considering these mild exacerbation days/days with symptoms 
as asthma worsenings, the group concluded that worsenings 
are highly prevalent even in those patients receiving guide-
line-recommended therapies in the setting of clinical trials. 
Table 2 provides a brief overview of the definitions and results 
related to asthma worsenings and exacerbations noted in each 
of these trials. Given their high prevalence, asthma worsenings 
warrant immediate identification as well as strategies for pre-
vention and management. 

ASthMA WoRSEninGS:  
A WinDoW of oPPoRtunity

Not only are asthma worsenings common, but evidence also 
suggests that worsenings often precede exacerbations and may 
represent immediate action points for the prevention of 
exacerbations or further deterioration of symptoms (12). In a 
study by Bousquet et al (8), days with an increased number of 

as-needed inhalations (more than two, four, six or eight inhal-
ations/day) were used to identify periods of asthma worsening. 
Regardless of treatment group, patients who had used more than 
four reliever doses on any single day were almost twice as likely 
to experience a subsequent severe exacerbation in the days fol-
lowing the episode of worsening, suggesting that asthma worsen-
ings may predict the occurrence of asthma exacerbations. 

In the INSPIRE study (4), most patients reported experien-
cing early warning signs, primarily symptoms of breathlessness, 
before an asthma worsening. The mean period from the occur-
rence of these early signs to the peak of an asthma worsening was 
approximately five days and was followed by a recovery period of 
similar length (Figure 3). This time period from the onset of 
initial symptoms to an exacerbation or peak in symptom worsen-
ing was also noted in an analysis of over 400 severe exacerba-
tions that were documented in the FACET study (12). The 
results of this analysis showed that PEF decreased and patient-
reported asthma symptom scores increased gradually in the days 
before an asthma exacerbation, returning to previous levels in 
the days following the event (Figure 4) (12). These findings sug-
gest that asthma worsenings represent a window of opportunity 
during which patients can intervene early by increasing their 
anti-inflammatory medication to possibly prevent an exacerba-
tion or further deterioration of asthma symptoms. 

CAuSES of ASthMA WoRSEninGS
Like exacerbations, asthma worsenings are most likely caused by 
airway inflammation resulting from exposure to a viral illness or 
allergen (27). The pattern of airway inflammation differs 

TABLE 2 – continued

Overview of clinical trials examining worsenings (mild exacerbation days/days with symptoms) and severe exacerbations

Study Description
Definition of severe  

exacerbation
Patients with severe 

exacerbations, %
Definition of asthma  

worsening*
Patients with  

worsenings, %
Bousquet et 

al, 2007 (8)
6-month, double-blind,  

randomized study
2309 patients (aged ≥12 years) 

with symptomatic asthma  
(FEV1 ≥50% predicted) who had 
experienced an asthma exacer-
bation in the previous year

Treatment groups: 
Bud/form M + R 
Salm/flutic + SABA

Deterioration in asthma  
leading to hospitalization/ 
ED treatment and/or oral 
corticosteroid treatment  
≥3 days

Bud/form M + R: 9.4
Salm/flutic + SABA: 11.3

Opposite of asthma control 
days (defined as a day 
and night with no asthma 
symptoms, no awakenings 
due to asthma and no as-
needed medication use)

Before treatment: 
Bud/form M + R: 93.7 
Salm/flutic + SABA: 
94.2

On treatment: 
Bud/form M + R: 56 
Salm/flutic + SABA: 
55.1

Kuna et al, 
2007 (23)

6-month, randomized, double-
blind study

3335 symptomatic adults and 
adolescents (≥12 years) with 
asthma

Treatment groups: 
Bud/form M + R 
Bud/form + SABA 
Salm/flutic + SABA

Deterioration in asthma  
resulting in hospitalization  
or ED treatment, or need  
for oral steroids for ≥3 days

Bud/form M + R: 9
Bud/form + SABA: 11
Salm/flutic + SABA: 12

Two consecutive mild exac-
erbation days (defined as 
a day with any one of the 
following: morning PEF 
≥20% below baseline, 
daily as-needed medica-
tion use ≥2 inhalations 
above baseline or a night 
with an asthma-related 
awakening)

Bud/form M + R: 61
Bud/form + SABA: 63
Salm/flutic + SABA: 59
Average number of 

worsenings/patient/ 
6 months: 
  Bud/form M + R: 27 
  Bud/form + SABA: 29 
  Salm/flutic + SABA: 27

Bateman et 
al, 2008 
(25)

6-month, randomized,  
open-label, parallel-group  
study 

528 patients (aged ≥12 years 
and <80 years) with a 6-month 
history of bronchial asthma

Ciclesonide vs flutic

Worsening asthma  
symptoms or a  
reduction in lung  
function requiring  
treatment with oral  
steroids

Ciclesonide: 2.3
Flutic: 2.5 

Days with asthma symp-
toms and with rescue 
medication use

Ciclesonide: 26
Flutic: 27 

*As per Asthma Worsenings Working Group considerations. Bud Budesonide; ED Emergency department; FEV1 Forced expiratory volume in 1 s; flutic Fluticasone; 
form Formoterol; M + R Maintenance plus relief; mont Montelukast; PEF Peak expiratory flow; SABA Short-acting beta-2 agonist; salm Salmeterol; terbut Terbutaline; 
vs Versus
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according to the environmental trigger. For example, virus-
induced exacerbations are characterized by neutrophilic infil-
tration, while allergen-induced asthma may stimulate 
interleukin (IL)-5 mediated processes as well as other events to 
attract eosinophils. Both pathways, however, lead to inflamma-
tory cell activation and oxidative stress (Figure 5) (27). 

The type of trigger may also impact the type of exacerbation 
or asthma worsening experienced by the patient: sudden-onset 
or slow-onset (26,28). According to Rodrigo et al (26), slow-
onset exacerbations are the most common type, occurring in 
approximately 80% to 90% of adults with acute asthma who 
present to an emergency department. They are characterized by 
progressive clinical and functional deterioration which occurs 
over many hours, days, or even weeks (Table 3). In these cases, 
upper respiratory tract infections are frequently the triggers and 
these patients exhibit a slow response to therapy. Rapid- or 
sudden-onset attacks are less common and are characterized by 
rapid development of airway obstruction (within 3 h to 6 h). 
Respiratory allergens, exercise, and psychosocial stress are the 
most frequent triggers of these types of exacerbations. Patients 
experiencing these sudden-onset exacerbations also exhibit a 
more rapid and complete response to treatment (26). This may 

Allergen Endotoxin/virus/particulates

Activated Th-2 cells Activated epithelial cells/macrophages

IL-5

Eosinophils

IL-8

Neutrophils

Inflammatory
cell activation

Oxidative stress

Asthma exacerbation

figure 5) Environmental exposures that trigger asthma exacerba-
tions generate specific cytokine response patterns that result in  
granulocyte infiltration, activation, and oxidative stress. IL 
Interleukin; Th-2 Type 2 helper T cell. Reproduced with permission 
from reference 27. © British Thoracic Society
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figure 4) Changes in daytime asthma score and morning peak 
expiratory flow (PEF) in relation to whether the exacerbation was 
diagnosed by the need for oral steroids or by a fall in PEF. The val-
ues for evening PEF and nocturnal symptoms (not shown) were 
similar. note: Changes in peak flow rates and symptoms generally 
move together, such that reductions in PEF are associated with 
increased symptoms and vice versa. However, most action plans 
are symptom-based and do not take into account PEF changes. 
OCS Oral corticosteroids. Adapted from reference 12

TABLE 3
Main characteristics of patients with slow-onset and 
sudden-onset acute asthma
Type 1: Slow progression Type 2: Sudden progression
Slow-onset acute asthma Sudden-onset, asphyxic, brittle or 

hyperacute asthma

Progressive deterioration: >6 h  
(usually days or weeks)

Rapid deterioration: <6 h

80% to 90% who presented to an 
emergency department

10% to 20% who presented to an 
emergency department

Female predominance Male predominance

More likely to be triggered by an 
upper respiratory tract infection

More likely to be triggered by  
respiratory allergens, exercise and 
psychosocial issues

Less severe obstruction at  
presentation

More severe obstruction at  
presentation

Slow response to treatment and 
higher hospital admissions

Rapid response to treatment and 
lower hospital admissions

Airflow inflammation mechanism Bronchospastic mechanism of  
deterioration

Reproduced with permission from reference 26. © The American College of 
Chest Physicians

Signs or
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Symptoms start
to become

bothersome
Mean time: 
2.9 days 

Symptoms at  
their worst 

Mean time: 
2.2 days 

Recovery 

Mean time: 
6.2 days 

figure 3) Mean length of time between stages leading up to and 
beyond a worsening. Base: all respondents who noticed signs or 
warnings (n=2332)/all respondents (n=3415). Patients were asked 
about length of time between initial signs or warnings and when 
symptoms started to become bothersome, between bothersome 
symptoms and when symptoms were at their worst, and between 
symptoms at their worst and recovery. Adapted from reference 4
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reflect the fact that this type of rapid deterioration in asthma 
may be a feature of poorly controlled asthma where the 
response to bronchodilators is often marked (18). It is also 
likely that these episodes of rapid deterioration are not primar-
ily inflammatory, but rather the result of an acute episode of 
bronchoconstriction, hence the rapid response to bronchodila-
tors. 

Regardless of the trigger factor or type of exacerbation, ther-
apies addressing the various mechanisms of inflammation will 
be critical for the prevention of worsenings and their possible 
progression to an exacerbation. Barnes (29) recently classified 
the mechanisms of inflammation into two categories – those 
mechanisms that are sensitive to ICS therapy and those that 
are sensitive to LABA therapy (Table 4). These mechanisms 
and their varying susceptibility to ICS and LABA therapy 
highlight the importance of combination controller treatment 
and the need to understand the phenotypes of airway inflam-
mation in the prevention of asthma exacerbations, and pos-
sibly asthma worsenings.

iMPACt of ASthMA WoRSEninGS
impact on lung function
There is some direct and indirect evidence suggesting that 
exacerbations, and possibly worsenings, may lead to a decline 
in lung function. Bai et al (30) examined the effect of severe 
exacerbations on the progression of airway obstruction in 
93 nonsmoking patients with moderate-to-severe asthma 
before ICS treatment. Patients with frequent exacerbations 
(exacerbation rate above the median of 0.1/year) were found to 
have a significantly larger annual decline in FEV1 (31.5 mL/
year, 95% CI 18.2 to 44.8; P=0.03) compared with patients 
with infrequent exacerbations (14.6 mL/year, 95% CI 1.9 to 
27.3; Figure 6). After a median follow-up of 11 years, FEV1 was 
64±18.9% predicted (2.08±0.72 L) in the group with frequent 
exacerbations compared with 77.2±19.1% predicted (2.69±0.93 L) 
in those with infrequent exacerbations (P=0.0002). Exacerbation 
rate significantly predicted an excess decline in FEV1, such that 
one severe exacerbation per year was associated with a 30.2 mL 
greater annual decline in FEV1. The authors concluded that these 
intermittent periods of increased airway inflammation were associ-
ated with a more rapid decline in lung function (30). 

Evidence from trials examining the effects of ICS therapy on 
lung function decline also provide indirect evidence that intermit-
tent periods of asthma worsening or exacerbations may impact 
lung function. The Inhaled Steroid Treatment As Regular 
Therapy in Early Asthma (START) study (31) examined the 
impact of low-dose inhaled budesonide on lung function in over 
7000 patients (aged five to 66 years) with persistent asthma of 
less than two years’ duration. Treatment with budesonide sig-
nificantly improved prebronchodilator and postbronchodilator 
FEV1% predicted, and reduced the mean decline from baseline 

for postbronchodilator FEV1 at both one year and three years 
(0.62% and 1.79% for budesonide, and 2.11% and 2.68% for 
placebo, respectively). These declines were greater in male 
patients, active smokers and patients older than 18 years of age; 
the smallest treatment effects were noted in adolescents (31). 

Using data from the Copenhagen City Heart Study, Lange 
et al (32) observed a reduction in FEV1 decline over 10 years in 
patients with adult asthma (older than 30 years of age) who 
were using ICS therapy throughout the observation period. 
Overall, ICS therapy reduced the annual decline in FEV1 by 
23 mL/year when compared with asthma patients not using 
ICSs, and this benefit was of similar magnitude in smokers and 
nonsmokers. 

Since numerous clinical trials have confirmed that ICS 
therapy reduces the risk of exacerbations (19,33,34), the 
START study and Copenhagen City Heart study provide 
indirect evidence that exacerbations may be related to loss of 
lung function over time, and that prevention of exacerbations 
may prevent or reverse lung function decline. However, it 
should be noted that two studies involving children found no 
evidence that ICS therapy reduces lung function decline and 
inflammation (35,36). There also appears to be sex-related dif-
ferences with regard to the impact of ICS therapy on lung func-
tion. The results of a 23-year follow-up study of patients with 
moderate to severe asthma in the Netherlands showed that 
ICS treatment was associated with a reduction in FEV1 decline 
only in men who had smoked less than five pack-years. This 
effect was dose dependent and was not present in women or in 
men with greater than five pack-years history of smoking at 
follow-up (37). The lack of effect of ICS on FEV1 decline in 
children and the inconsistent observations in women require 
further investigation. 

TABLE 4
Mechanisms of inflammation
Steroid-sensitive changes LABA-sensitive changes
Increased eosinophils Airway smooth muscle contraction
Increased mast-cell production Plasma exudation
Increased Th-2 cells Mast-cell release
Increased blood flow Increased neutrophils
LABA Long-acting beta-2 agonist; Th-2 Type 2 helper T cell. Adapted from 
reference 29
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Societal and economic impact 
From a societal perspective, exacerbations are the leading 
cause of asthma-related expenditures, accounting for almost 
50% of the total costs associated with the disease (38). Patients 
who have frequent exacerbations (generally believed to be 
approximately 20% of the total asthma population pool) incur 
80% of the total direct costs of asthma (39). The average 
annual cost per patient who experiences an exacerbation is 
estimated to be 3.5 times greater than those who do not experi-
ence exacerbations (40), and these costs appear to increase 
with increasing severity of the exacerbation (41). A retrospect-
ive chart review of 422 adults with asthma in Switzerland 
found direct costs to be 2.5 times higher in patients with the 
highest severity asthma compared with the lowest severity, if 
there were no exacerbations. If exacerbations were present, 
costs were 5.7 times greater (42). Therefore, strategies that can 
prevent asthma worsenings from developing into exacerbations 
may significantly lower the overall societal and economic costs 
of asthma. Furthermore, because the majority of asthma 
exacerbations (80% to 90%) are slow-onset in nature, charac-
terized by gradual clinical and functional worsening over a 
period of days or even weeks (26), strategies that can reduce 
the number of slow-onset exacerbations may also have a pro-
nounced impact on costs. 

Evidence suggests that asthma worsenings (as defined by 
increasing symptom severity or bothersomeness and increasing 
rescue medication use) may also have a direct impact on the 
economic and societal costs of asthma. Using computerized 
family practice database information as well as patient survey 
results, Van Ganse et al (9) found that low levels of asthma 
control (as measured by recent symptoms and increased 
SABA use) were a major correlate of total medical resource 

utilization, including drug therapy, ambulatory care and 
hospital care. Compared with well-controlled asthma, poorly 
controlled asthma resulted in a significant 2.5-fold increase 
in medical resource utilization costs. Interestingly, even the 
presence of asthma symptoms, such as wheezing in the past 
12 months, was associated with increased medical resource util-
ization (9). 

Another retrospective analysis of administrative data exam-
ined the pattern of health services utilization among asthmatic 
patients in British Columbia taking various SABA and ICS 
doses (10). Included in this analysis were all patients between 
five and 50 years of age for whom a prescription for a SABA 
was filled in 1995 and whose prescription data were captured 
through the provincial drug plan (n=23,986). Inappropriate 
medication use was defined as the use of nine or more canisters 
of salbutamol (200 puffs, 100 μg/puff, or an equivalent) com-
bined with no more than 100 μg/day of inhaled beclometha-
sone-CFC (or an equivalent) in a one-year period. Appropriate 
medication use was defined as four or fewer canisters of salbuta-
mol and at least 400 μg/day of beclomethasone. Patients with 
inappropriate SABA and ICS use were more likely to be admit-
ted to hospital (adjusted RR 1.68, 95% CI 1.25 to 2.26), were 
admitted to hospital more frequently (adjusted RR 1.81, 95% CI 
1.41 to 2.32) and were more likely to require emergency admis-
sion (adjusted RR 1.93, 95% CI 1.35 to 2.77) (Table 5) (10). 

A drug utilization study based on an administrative data set 
of more than 20,000 asthmatic patients examined health care 
costs in those using high doses of SABAs (defined as greater 
than eight puffs per day). The results showed that annual 
treatment-related charges were 3.0 times higher in high SABA 
users than average asthmatic patients ($1,347 versus $447, 
respectively) (11). Therefore, regardless of whether asthma 
worsenings develop into exacerbations, episodes of increased 
asthma symptoms and high reliever use appear to be associated 
with increased personal, societal and economic costs.

impact on QoL
Asthma worsenings also appear to negatively impact heath-
related QOL (HR-QOL). In the INSPIRE study (4), asthma 
worsenings were found to affect all aspects of patients’ daily 
lives, particularly their physical and leisure activities, and 
social commitments (Table 6). Over 70% of patients stated 
that the worst drawbacks of having asthma were the interfer-
ence in their daily lives and the panic they felt as their symp-
toms increased (4).

A study conducted in the Netherlands (43) examined the 
impact of symptoms on the HR-QOL of adolescents with 
asthma and found that patients experiencing episodes of 
wheezing had significantly lower QOL scores on nine of 

TABLE 5
Health care resource use in patients with appropriate and 
inappropriate use of asthma medications 
Use of health care  
resources

Appropriate  
use (n=4671)

Inappropriate  
use (n=763) P

Hospital resources
Hospital admissions
   Patients admitted at least 
      once, n (%)

257 (5.5) 64 (8.4) 0.002

   Admissions per patient 0.07±0.34 0.11±0.42 0.006
Urgent admissions
   Patients with at least  
      1 urgent admission, n (%)

154 (3.3) 44 (5.8) 0.001

   Urgent admissions per  
      patient 

0.04±0.26 0.08±0.33 0.005

Prescribing physicians*
“Prescribing physicians” seen per 

patient
1.4±0.7 1.8±1.4 <0.001

Prescriptions† per  
physician

2.5±1.5 5.2±4.2 <0.001

Prescriptions per patient 3.3±1.9 7.5±4.9 <0.001
All physicians‡

Physicians seen per patient 5.1±4.2 4.8±4.3 0.16
Visits per physician 3.2±3.0 3.9±3.8 <0.001
Visits to all physicians per  
patient

14.9±15.9 16.7±19.3 0.015

Data are presented as mean ± SD except where indicated otherwise. *A pre-
scribing physician was any physician who prescribed asthma medication for a 
member of the study group; †For any asthma medication; ‡All physicians seen 
by all patients in the study group, regardless of whether they prescribed 
asthma medication. Reproduced with permission from reference 10.  
© Canadian Medical Association.

TABLE 6
Proportion of patients reporting that worsening asthma 
limited/prevented their daily activities
Activity Percentage of patients  
Exercise and physical activity 73 (n=2476)
Leisure activities 49 (n=1671)
Social commitments 39 (n=1340)
Intimacy with partner 29 (n=999)
Work 28 (n=973)
Time spent with family 16 (n=535)

Reproduced with permission from reference 4. © BioMed Central Ltd
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10 domains of the Child Health Questionnaire-Child Form 
(43). Except for the Role Physical and Family Activities 
domains, significant differences in QOL were observed for all 
domains among adolescents who reported at least four wheez-
ing episodes during the past year; most affected were the Bodily 
Pain, General Health, Self-Esteem and Mental Health domains 
(43). Further evidence that asthma worsenings negatively 
impact HR-QOL comes from a retrospective analysis of 2386 
asthmatic patients aged five years and older who had used a 
SABA in the period from 1996 through 2000 (44). Use of 
SABA medication was defined as inappropriate when a patient 
inhaled more than 225 defined daily doses of SABAs but less 
than 45.63 defined daily doses of corticosteroids per year. 
Compared with appropriate SABA users, inappropriate SABA 
users had lower perceptions of their overall health (P<0.05) 
and mental health (P<0.05). They were also at an increased 
risk of limitations in walking (RR 1.76, 95% CI 1.15 to 2.71) 
and in cognitive function (RR 2.32, 95% CI 1.37 to 3.93) (44). 

Using various asthma QOL questionnaires, Lloyd et al (45) 
studied the effect of exacerbations on 112 patients with moder-
ate to severe asthma. Scores on all QOL instruments were sig-
nificantly worse for patients experiencing exacerbations 
(P<0.001) compared with those not experiencing exacerba-
tions and, according to the investigators, the differences in 
QOL scores between the two groups were clinically meaning-
ful. There was also evidence of a further HR-QOL decrement 

in those patients who had been admitted to hospital as a result 
of an exacerbation (45). Because exacerbations are a subset of 
asthma worsenings, these results suggest that some worsenings 
negatively impact patient QOL. 

Patient self-management of asthma worsenings
The results of various studies suggest that the majority of 
patients adjust their medications inappropriately in response to 
asthma worsenings (4,13,46-49). In the TRAC study (13), for 
example, more than 30% of patients using combination ther-
apy and greater than 25% using an ICS never modified their 
medication regimen in response to an asthma worsening. Of 
those subjects that did modify their medication regimen, more 
than 60% took more SABA therapy than usual, less than 25% 
increased their ICS therapy and less than 10% increased their 
combination ICS/LABA treatment. Patients with controlled 
and uncontrolled asthma adjusted their medications similarly 
to cope with asthma worsenings (13). 

In the INSPIRE study (4), patients responded to the signs of 
an asthma worsening by increasing their medication; however, 
patients reported increasing their SABA use at the very onset 
of symptoms, with the ICS being increased later (and to a lesser 
extent), closer to the point of symptoms being at their worst 
(Figure 7). A greater than fourfold increase in the number of 
SABA inhalations was reported when symptoms were at their 
peak compared with when patients were well. When symptoms 
started to decrease, patients reduced their intake of both 
SABA and ICS therapy (4). Therefore, during an asthma 
worsening, ICS use is delayed and the duration of use is likely 
too short to experience benefit. 

The Asthma Insights and Reality in Europe (AIRE) study 
(50) did not specifically examine asthma worsenings, but this 
comprehensive multinational survey of over 2000 asthma 
patients noted that greater than 45% of patients reported day-
time symptoms and 30% reported asthma-related sleep disturb-
ances at least once per week. Furthermore, episodes of cough, 
wheezing, chest tightness and shortness of breath were com-
mon, occurring in 57% of adults at least once per month. 
Regardless of disease severity, there was a disturbingly high 
level of rescue medication use and low level of ICS use (Figure 8) 
(50), suggesting that asthma may be significantly undertreated 
and poorly controlled, regardless of whether patients experi-
ence transient asthma worsenings. 

figure 7) Use of short-acting beta-2 agonist (SABA) rescue medi-
cation and inhaled corticosteroid (ICS) maintenance medication 
during the different stages of an asthma worsening. All patients used 
ICS plus a separate long-acting beta-2 agonist (LABA) (n=319), 
ICS alone (n=1018), or a combination ICS/LABA product 
(n=2074: salmeterol/fluticasone, n=1305; budesonide/formoterol, 
n=769) for regular maintenance therapy. Data are based on all 
patients who reported using each medication type at each particular 
stage. Reproduced with permission from reference 4. © BioMed 
Central Ltd
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Therefore, current evidence suggests that patients fail to 
respond in a timely manner and fail to respond appropriately to 
an asthma worsening by overusing rescue therapy and by 
underusing maintenance anti-inflammatory medication. 
Factors that may explain this suboptimal self-management of 
asthma worsenings are described in the following section.

PotEntiAL BARRiERS to APPRoPRiAtE SELf-
MAnAGEMEnt of ASthMA WoRSEninGS

Factors that may explain patient failure to respond or to self-
manage appropriately during periods of asthma worsenings 
include failure to adequately identify periods of worsenings (4), 
low expectations for asthma control (51,52), patient percep-
tions of and preferences for disease management (53,54), low 
health literacy (55) and poor patient-health care professional 
communication regarding asthma worsenings (56). 

In the INSPIRE study (4), approximately one-third of 
patients failed to identify signs of impending worsenings. 
Furthermore, patients tend to underestimate the level of sever-
ity of their asthma (57) and overestimate their level of asthma 
control (3,13,58). Over 50% of patients in the TRAC study 
(13) were found to have uncontrolled asthma according to the 
Canadian Asthma Consensus Guidelines’ control criteria 
(1,59,60); however, only 3% of patients thought they had 
uncontrolled asthma (13). The INSPIRE study (4) also found a 
discrepancy between the level of asthma control demonstrated 
by the Asthma Control Questionnaire and patients’ perceived 
level of control, suggesting that even patients prescribed main-
tenance medication and with recent physician contact tend to 
underestimate their asthma symptoms and tolerate suboptimal 
control. In the AIRE study (50), patient perception of asthma 
control did not match their symptom severity: approximately 
50% of patients reporting severe persistent symptoms con-
sidered their asthma to be completely or well controlled. 
Together, these findings suggest that patients underestimate or 
tolerate asthma symptoms and, therefore, may fail to accurately 
identify periods of asthma worsenings and intervene appropri-
ately.

Current literature also suggests that most patients have low 
expectations of what can be achieved by asthma management 
and, therefore, may believe that periods of asthma worsenings 
cannot be improved and are part of living with asthma. In the 
Living and Breathing Study (51), 517 patients receiving treat-
ment for mild to moderate asthma participated in face-to-face 
interviews with market researchers. Approximately 90% of 
respondents felt their asthma was under control, yet two-thirds 
experienced symptoms at least two to three times per week. 
Only 24% felt their asthma could improve over time, and 71% 
received no advice from health care professionals on how their 
asthma might change in the future (51). According to 
Aboussafy et al (52), many patients with asthma who have 
poor symptom control make compromises in their lifestyle to 
adjust to life with asthma rather than striving to eliminate 
symptoms. Therefore, patients may believe asthma worsenings 
are part of the natural course of the disease and, hence, need-
lessly tolerate these episodes, using a 'wait and see' approach.

Self-management of asthma worsenings is also strongly 
influenced by patients’ common-sense beliefs about the disease 
and medications. Patient adherence to medication is particu-
larly influenced by the way in which patients evaluate their 

personal need for medication relative to their concerns about 
daily ICS use (53). Patients are more likely to doubt the neces-
sity of treatment if they do not perceive a good fit with their 
common-sense understanding of their illness and symptom 
experiences relative to their expectations of medication effect-
iveness and asthma control. A prospective, 12-month, longi-
tudinal, observational cohort study of 198 adults hospitalized 
with asthma found that one-half of these patients believed they 
only had asthma when they were having symptoms, what the 
investigators called the 'no symptoms, no asthma' belief (54). 
Individuals who had this belief of asthma as an acute, episodic 
condition were more likely to believe they would not always 
have asthma and that they would likely be cured; these patients 
were also less likely to think their lungs were always inflamed 
and needed maintenance therapy. Patients with this disease 
belief had lower rates of self-reported adherence to ICS therapy 
and a lower likelihood of participating in other key self-
management tasks such as routinely visiting their physician for 
asthma or monitoring their peak flow (54). 

Both patients’ concerns about and preferences for asthma 
medication may also be important factors impacting the self-
management of asthma worsenings. In the TRAC study (13), 
patients revealed significant fears about medications. 
Approximately 75% of patients were concerned about side 
effects and almost 90% wanted to use lower doses of medica-
tions in general. Approximately three-quarters of patients 
expressed concerns about using ICS therapy and 81% hoped to 
decrease their use. A discrete choice experiment conducted in 
adults with moderate to severe asthma found that patients 
wanted no more than one or two inhalers and that they wanted 
the lowest dose of ICS possible and were willing to trade off or 
accept occasional symptoms to take fewer doses (61). 
Participants also identified a simple treatment regimen as most 
important, even more important than symptom control.

Patient health literacy is another factor that may negatively 
impact self-management of asthma and asthma worsenings. A 
cross-sectional study of 395 English-speaking adults waiting to 
see their health care providers showed that lower literacy and a 
greater number of prescription medications were independ-
ently associated with misunderstanding the instructions on 
prescription medication labels (55). Approximately one-half 
(46.3%) of these patients were unable to read and correctly 
state one or more of the label instructions on five common 
prescriptions. Rates of misunderstanding were highest among 
patients with marginal and low literacy (as measured by the 
Rapid Estimate of Adult Literacy in Medicine – a reading rec-
ognition test comprising 66 health-related words), yet more 
than one-third (37.7%) of patients with adequate literacy skills 
misunderstood at least one of the label instructions. For 
example, among the patients correctly stating the instruction, 
“Take two tablets by mouth twice daily” (n=333 [84.3%]), one-
third were unable to demonstrate the correct number of pills to 
take per day. This was most pronounced among patients with 
low literacy; fewer than one-half who correctly stated the 
instruction were then able to count the correct number of pills 
(55). 

Finally, failure to develop a common language or under-
standing of asthma worsenings among patients and health 
care providers is also likely to be a significant barrier to 
appropriate self-management of these episodes. A qualitative 
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study examining the terms or phrases patients use to describe 
asthma worsenings found no universally accepted terms or 
phrases for describing such episodes (56). Some of the descrip-
tors used by patients include ‘attacks’, ‘flare-ups’ or ‘asthma 
acting up’. The term ‘exacerbation’ was not regarded by 
patients as being useful for communicating about an asthma 
worsening. Without readily understood and unambiguous 
words for use in educational materials and asthma action plans, 
communication breakdown may occur (56), impeding appro-
priate and timely management of an asthma worsening. 

EviDEnCE-BASED APPRoAChES to thE 
PREvEntion AnD MAnAGEMEnt of 

ASthMA WoRSEninGS
Given the prevalence of asthma worsenings, their relationship 
to exacerbations, the impact on QOL, and potential societal 
and economic consequences, strategies for the early identifica-
tion, prevention and management of worsenings are clearly 
imperative. This section highlights possible pharmacological 
and nonpharmacological approaches to the prevention and 
management of asthma worsenings based on current literature.

Pharmacological approaches
Although there are currently no randomized trials specifically 
addressing therapeutic interventions for asthma worsenings as 
a primary outcome, numerous studies have examined strategies 
for the prevention of exacerbations that, as discussed previ-
ously, are a subset of asthma worsenings. It can therefore be 
theorized that any intervention that prevents exacerbations 
may also prevent asthma worsenings. Furthermore, because the 
definition of mild exacerbation days used in various clinical 
trials of pharmacological interventions is similar to the AWWG 
definition of asthma worsenings, the impact of these interven-
tions on mild exacerbation days are considered because they 
are also likely to affect asthma worsenings. 

Various randomized controlled trials have confirmed that ICS 
therapy, with or without LABA therapy, reduces the risk of both 
severe and mild exacerbations (14,21,33,34,62-64). In the past, 
most asthma guidelines recommended a doubling of the dose of 
maintenance ICS therapy early in a mild asthma exacerbation. 
However, recent randomized controlled trials have shown no dif-
ferences in the prevention of more severe exacerbations between 
patients who continued on their maintenance ICS dose and 
those in whom the ICS dose was doubled (65,66).

Recent evidence also suggests that early intervention with 
combination ICS/LABA therapy may the optimal strategy for 
the prevention of both asthma worsenings and exacerbations 
(8,14,21-23,64). In a double-blind, parallel group study, 
Lundbäck et al (21) randomly assigned 282 symptomatic 
asthma patients (18 to 70 years of age) to receive either salmet-
erol, fluticasone or combination salmeterol/fluticasone twice 
daily for 12 months. Primary outcome variables included the 
number of patients requiring an increase in study medication 
and the number of patients experiencing two or more exacer-
bations. Significantly fewer patients experienced two or more 
exacerbations with combination salmeterol/fluticasone (4.2%), 
compared with fluticasone (17.4%; P<0.01) or salmeterol 
(40%; P<0.001) (21).

When considering days with symptoms (opposite of symptom-
free days) as asthma worsenings, the study found higher 

proportions of asthma worsenings in patients treated with sal-
meterol than those treated with combination salmeterol/flut-
icasone or fluticasone alone (P<0.05; Figure 9). In addition, 
the median proportion of rescue medication-free days was sig-
nificantly higher in the combination salmeterol/fluticasone 
(85.7%) and fluticasone (85.7%) groups than in the salmeterol 
group (60%; P<0.05; Figure 9). However, there were no signifi-
cant differences between combination salmeterol/fluticasone 
or fluticasone alone with regard to days with symptoms or 
rescue-free days (21). 

Although the international Gaining Optimal Asthma 
Control (GOAL) study (64) – a stratified, double-blind, paral-
lel group study of 3421 patients (12 years to younger than 
80 years of age) with uncontrolled asthma – did not examine 
mild exacerbations or asthma worsenings, this study did com-
pare the efficacy of stepwise increases in fluticasone or com-
bination salmeterol/fluticasone in achieving two predefined 
composite measures of asthma control: totally controlled or 
well-controlled asthma (Table 7) (64). Given the definition of 
totally controlled asthma as shown in Table 7, it can be theor-
ized that patients achieving this level of control would experi-
ence no worsenings. 

Significantly more patients in each stratum (previously 
corticosteroid-free, or previous low-dose or moderate-dose cor-
ticosteroid users) achieved control with combination salmet-
erol/fluticasone than fluticasone alone. After dose escalation, 
total control was achieved in 42% and 31% of patients for sal-
meterol/fluticasone and fluticasone, respectively, in the previ-
ously steroid-naïve stratum (OR 1.71; 95% CI 1.30 to 2.24; 
P<0.001), 32% and 20% in the stratum previously on a low-
dose ICS (OR 2.07; 95% CI 1.56 to 2.76; P<0.001), and 19% 
and 8% in the stratum previously on moderate-dose ICS (OR 
2.90; 95% CI 1.98 to 4.26; P<0.001). By the end of the one-
year study period, the results for totally controlled asthma in 
the salmeterol/fluticasone and fluticasone groups, respectively, 
were 50% and 40% in the previously steroid-naïve stratum, 

figure 9) Percentage of patients with asthma worsenings (opposite 
of symptom-free days) and two or more exacerbations according to 
treatment group. Days with worsenings defined as opposite of 
symptom-free days. *P<0.01 for combination salmeterol/flut-
icasone (SFC) versus fluticasone propionate (FP); †P<0.001 for 
FP versus salmeterol and SFC versus salmeterol; **P<0.05 for 
SFC versus salmeterol and FP versus salmeterol. Adapted from 
reference 21
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44% and 28% in the patients previously on low-dose ICS and 
29% and 16% in the patients previously on moderate-dose ICS 
(all strata P<0.001) (64).

The mean annual rates of exacerbations requiring oral cor-
ticosteroids and/or hospitalization or emergency visits were low 

in both treatment groups, but were significantly lower in the 
salmeterol/fluticasone group in each stratum (Figure 10) (64).

More recent evidence suggests that single-inhaler budeson-
ide/formoterol maintenance and reliever therapy (SMART) is 
also an effective strategy for the prevention of asthma worsen-
ings and may be the optimal strategy for the prevention of 
exacerbations. In patients requiring maintenance and reliever 
therapy, the substitution of single-inhaler budesonide/formot-
erol for a SABA allows the dose of maintenance therapy to be 
increased quickly in response to symptoms, while simultan-
eously offering rapid intervention to decrease inflammation, 
whether eosinophilic or neutrophilic. In fact, this novel treat-
ment approach has recently been recognized in the latest 
update to the Global Initiative for Asthma (GINA) guidelines 
(2). 

The STAY study (14) was a randomized, double-blind, one-
year study that compared SMART to fixed-dose budesonide/
formoterol or a fourfold higher dose of budesonide alone, both 
with a SABA as reliever, in patients with moderate to severe 
asthma (n=2760, aged four to 80 years). The primary outcome 
variable in the study was time to first severe asthma exacerba-
tion, defined as deterioration in asthma resulting in hospitaliz-
ation/emergency department treatment, oral steroid treatment, 
or morning PEF 70% or lower of baseline on two consecutive 
days (14). Results of the study demonstrated that SMART sig-
nificantly prolonged the time to the first severe exacerbation 
compared with both fixed-dose budesonide/formoterol plus 
SABA and higher-dose budesonide plus SABA. The risk of 
experiencing a severe asthma exacerbation with SMART was 
45% lower than in the budesonide/formoterol plus SABA 
group and 47% lower than the group receiving a fourfold 
higher dose of budesonide plus as-needed SABA (Figure 11). 
This magnitude in the reduction of severe exacerbations was 
consistent in children, adolescents and adults (14).

The STAY study (14) also assessed the number of patients 
with mild exacerbation days (asthma worsenings), which were 

TABLE 7
Gaining Optimal Asthma Control (GOAL) study: Definitions 
of well-controlled and totally controlled asthma based on 
Global Initiative for Asthma (GINA) and National Institutes 
of Health (NIH) guideline aims of treatment

Goals of GINA/
NIH

Totally  
controlled: 
each week all of

Well controlled 
each week 2 or 
more of

Daytime  
symptoms

Minimal (ideally 
none) None

≤ 2 days with 
symptom score  
> 1*

Rescue b2- 
agonist use

Minimal (ideally 
none) None

Use on ≤ 2 days 
and ≤ 4 occas-
sions/wk

Morning PEF Near normal ≥ 80% predicted† 
every day

≥ 80% predicted† 
every day

Night-time  
awakening 

Minimal (ideally 
none) None None

Exacerbations‡ Minimal  
(infrequent) None None

Emergency visits None None None
Treatment-related 

adverse events
Minimal None enforcing 

change in asthma 
therapy

None enforcing 
change in asthma 
therapy

Totally and well-controlled asthma were defined by achievement of all of the 
specified criteria for that week. Totally controlled asthma was achieved if the 
patient, during the eight consecutive assessment weeks, recorded seven 
totally controlled weeks and had no exacerbations, emergency room criteria or 
medication-related adverse events criteria. Well-controlled asthma was simi-
larly assessed over the eight weeks. These assessments were for an eight-
week period during the double-blind treatment period. Baseline control and 
control during the open-label phase were assessed over a four-week period. 
*Symptom score: 1 was defined as “symptoms for one short period during the 
day.” Overall scale: 0 (none) to 5 (severe); †Predicted peak expiratory flow 
(PEF) was calculated based on the European Community for Steel and Coal 
standards for patients 18 years of age and older and on the Polgar standards 
for patients 12 to 17 years of age; ‡Exacerbations were defined as deteriora-
tion in asthma requiring treatment with an oral corticosteroid or an emergency 
department visit or hospitalization. Reproduced with permission from refer-
ence 64. © American Thoracic Society
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defined as any day with an awakening caused by asthma, 
with as-needed medication use of two or more inhalations 
above the baseline mean value or with a morning PEf of 
80% or less of the baseline mean value. The percentage of 
days with asthma worsenings were significantly lower in 
patients using SMART than in those using combination 
budesonide/formoterol plus SABA and those using higher 
dose budesonide alone plus SABA (Figure 11). The rate of 
worsenings (mild exacerbation days/subject) was 30% lower 
for SMART compared with combination budesonide/formot-
erol plus SABA (hazard ratio [HR] 0.70; 95% CI 0.62 to 0.80) 
and 36% lower compared with budesonide (HR 0.64; 95% CI 
0.57 to 0.73). The SMART regimen was also associated with 
less reliever medication use and night-time symptoms includ-
ing awakenings and improved lung function compared to the 
other treatment groups (14).

The SMILE study (22) was a 12-month, randomized, 
double-blind, parallel group trial of 3394 patients with asthma 
(12 years of age and older) using budesonide/formoterol main-
tenance therapy. SMILE was designed to evaluate the addi-
tional benefits of the following as-needed therapies in 
preventing asthma exacerbations: budesonide/formoterol, 
formoterol or terbutaline. The results of the study showed that 
time to first severe exacerbation was significantly longer with 
as-needed budesonide/formoterol compared with formoterol 
(P=0.0048; log-rank-test) and terbutaline (P<0.0001), and 
with as-needed formoterol compared with terbutaline 
(P=0.0051). As-needed budesonide/formoterol reduced the 
instantaneous risk of a severe exacerbation by 27% (HR 0.73, 
95% CI 0.59 to 0.90; P=0.0038) versus formoterol and by 45% 
(HR 0.55, 95% CI 0.45 to 0.68) versus terbutaline (22). 

Significant improvements were also noted in asthma 
worsenings (mild exacerbation days), which were defined as 
any night with an awakening due to asthma, morning PEf of 
20% or more below baseline morning PEf, or as-needed 
medication use of two or more inhalations in 24 h above 
baseline. Days with worsenings (mild exacerbation days) were 
reduced by 10% to 18% with as-needed budesonide/formoterol 
compared with either as-needed formoterol (P=0.043) or ter-
butaline (P<0.0001). The rate of mild exacerbations (defined 
as two mild exacerbation days as described above) was also 
significantly lower for patients using as-needed budesonide/
formoterol (Figure 12) (22). These findings suggest that the 
benefit achieved by using budesonide/formoterol as reliever, in 
addition to its use as maintenance therapy, is due to the rescue 
use of both the ICS and LABA components. 

The COMPASS trial (23) – a double-blind, six-month 
study of 3335 symptomatic adults and adolescents – compared 
SMART with fixed-dose salmeterol/fluticasone and fixed-dose 
budesonide/formoterol both with as-needed SABA. The study 
found that SMART significantly prolonged the time to first 
severe exacerbation (defined as deterioration in asthma requir-
ing hospitalization, ER treatment or oral steroids) compared 
with the other treatment groups (log-rank test P=0.0034 versus 
fixed-dose salmeterol/fluticasone, and P=0.023 versus fixed-
dose budesonide/formoterol). There was a 33% reduction in 
the HR for a first severe exacerbation with SMART compared 
with salmeterol/fluticasone (HR 0.67; 95% CI 0.52 to 0.87; 
P=0.003) and a 26% reduction compared with fixed-dose 
budesonide/formoterol (HR 0.74; 95% CI 0.56 to 0.96; 

P=0.026). However, no significant differences were seen 
between the SMART group and the two fixed-dose regimens in 
terms of the number of mild exacerbation days (defined as a 
day with morning PEF 20% or more below baseline, daily as-
needed medication use two or more inhalations above baseline 
or a night with an asthma-related awakening) or the time to a 
mild exacerbation (defined as two consecutive mild exacerba-
tion days as described above) (23).

In the AHEAD trial, Bousquet et al (8) randomly assigned 
2309 patients with symptomatic asthma (aged 12 years and 
older; FEV1 50% predicted or greater) who had experienced an 
asthma exacerbation in the previous year to receive SMART 
(budesonide/formoterol 160/4.5 μg two inhalations twice daily 
and as needed) or one inhalation of salmeterol/fluticasone 
50/500 μg twice daily plus as-needed SABA for six months. 
Time to first severe exacerbation, the prespecified primary 
outcome, was not significantly prolonged with the SMART 
approach, and differences in measures of lung function or 
asthma symptoms were not observed between the two treat-
ment groups. However, the SMART approach was associated 
with a 21% reduction in overall exacerbation rate 
(25 events/100 patients/year versus 31 events/100 patients/year; 
P=0.039) and a 31% reduction in the rate of hospitalization/ER 
treatment (9 events/100 patients/year versus 13 events/100 
patients/year; P=0.046) compared with high-dose salmeterol/
fluticasone (8).

There are observations to suggest that SMART may be 
more effective than fixed-dose combination ICS/LABA ther-
apy plus as-needed SABA during periods of asthma worsen-
ings. In the AHEAD trial (8), days with an increased number 
of as-needed inhalations (more than two, four, six and eight 
inhalations/day) were used to identify periods of asthma 
worsenings. The pattern of severe exacerbations following 
these high rescue-use days revealed that SMART provided 
patients with greater protection from severe exacerbations at 
times of asthma worsenings (Figure 13). The percentage of 
subjects with one or more exacerbations increased more strik-
ingly with the level of as-needed use in the high-dose salmet-
erol/fluticasone plus SABA group than with the SMART 
approach (8).
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Cost-effectiveness of the SMARt strategy 
In addition to being effective in preventing asthma worsenings 
and severe exacerbations, the SMART strategy may also be 
more cost-effective than physician-directed titration of com-
bination ICS/LABA therapy (67,68). Using data from a 
12-month, open-label study (n=2143), Miller et al (67) per-
formed a Canadian economic analysis to compare the costs of 
SMART versus salmeterol/fluticasone plus as-needed SABA 
from both a health care and societal perspective. For the health 
care perspective, costs associated with physician visits, other 
health care professional services, hospitalizations, ER visits, 
home care and medications were considered. The societal per-
spective included both the costs from the health care perspec-
tive as well as the cost of time lost from work. The SMART 
approach was associated with a relative cost savings of $226 per 
patient per year from a health care perspective and $316 per 
patient per year from a societal perspective (Figure 14) com-
pared with the salmeterol/fluticasone plus as-needed SABA 
approach, and these results were stable under sensitivity testing 
(67). Another cost-effectiveness analysis from the United 
Kingdom found total cost savings of £87/patient/six months 
and £91/patient/6 months compared with salmeterol/flut-
icasone and fixed-dose budesonide/formoterol, respectively 
(68). This translates into a relative cost savings of approxi-
mately $340 to $360 per patient per year with the SMART 
approach. 

Potential concerns related to the SMARt strategy
A major concern raised about SMART is that patients may 
overuse the budesonide/formoterol reliever and needlessly 
receive high ICS doses. However, the STAY study found that 
the benefits achieved with SMART occurred with a mean daily 
dose of budesonide of 240 μg/day in adults and 126 μg/day in 
children, compared with a maintenance dose of budesonide of 

640 μg/day in adults and 320 μg/day in children (14,69). The 
COMPASS trial (23) found an overall reduction in mean ICS 
dose in the SMART group (483 μg/day or 755 μg/day beclo-
methasone dipropionate [BDP] equivalent) compared with 
both fixed dose groups (640 μg/day [1000 μg/day BDP equiva-
lent] for budesonide/formoterol and 500 μg/day [1000 μg/day 
BDP equivalent] for salmeterol/fluticasone). The AHEAD trial 
(8) also found that the mean ICS dose was lower using SMART 
(792 μg/day budesonide [1238 μg/day BDP equivalent] versus 
1000 μg/day fluticasone [2000 μg/day BDP equivalent] with 
salmeterol/fluticasone therapy; P<0.0001). These findings sug-
gest that it is the timely increase in anti-inflammatory therapy 
resulting from the as-needed use of budesonide/formoterol for 
symptom relief rather than the total inhaled dose of ICS that 
explains the noted benefits of SMART compared with fixed-
dose ICS/LABA regimens plus SABA for relief (8).

A further concern has been that patients might assume an 
as-needed approach to their overall asthma management strat-
egy, but it should be emphasized that the baseline treatment in 
the SMART strategy is a maintenance dose of at least one 
inhalation twice daily of the combination inhaler. This strat-
egy alone will be effective in achieving asthma control for 
many patients. 

Potential benefits of the strategy
A very practical consideration with the SMART strategy is 
that a patient may control his or her asthma with just a single 
inhaler, providing both maintenance treatment as well as 
reliever therapy. Therefore, the SMART approach may improve 
patient adherence to therapy or compensate for poor adher-
ence with regular anti-inflammatory maintenance therapy 
(4,13,50). Typically, patients take their rapidly acting reliever 
to obtain symptom relief. With the SMART approach, they are 
also receiving an increased ICS dose, likely at a time when 
inflammation is worsening. This may explain why single-
inhaler maintenance plus reliever therapy is effective against 
exacerbations. 

In a recent review, Barnes (29) explains the mechanisms by 
which SMART may prevent exacerbations, and possibly 
asthma worsenings. Although formoterol provides effective 
symptom relief through relaxation of airway smooth muscle, it 

figure 13) AHEAD study: Kaplan-Meier plots showing the per-
centage of patients experiencing ≥1 exacerbation in the month fol-
lowing the first day with >2 (a), >4 (b), >6 (c) and >8 (d) 
inhalations/day of as-needed medication. inh Inhalations; SAL/
FLU + SABA Salmeterol/fluticasone + short-acting beta-2 agonist; 
SMART Budesonide/formoterol maintenance and reliever therapy. 
Reproduced with permission from reference 8 (erratum). 
© Elsevier
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also has important inhibitory effects on mast cells, plasma exu-
dation and neutrophilic inflammation. ICS therapy appears to 
have a much more rapid suppressing effect on airway inflamma-
tion than previously recognized and, therefore, the increased 
dose of budesonide received when used as rescue therapy may 
prevent the increase in airway inflammation that occurs during 
the evolution of an exacerbation, thus preventing its develop-
ment. Barnes also suggests that the molecular interactions 
between the LABA and ICS may enhance the effect of the 
combination as rescue therapy (29). Although not yet studied 
clinically, these findings likely relate to other ICS/LABA com-
binations such as salmeterol/fluticasone.

nonpharmacological interventions 
The first steps in the prevention and management of asthma 
worsenings are understanding the disease trajectory, anticipat-
ing asthma worsenings resultant from trigger exposure, and 
early identification and action at the first signs of symptom 
worsening. Physicians and other health care professionals 
involved in asthma care need to regularly follow-up with and 
ask patients about the frequency and bothersomeness of asthma 
symptoms and awakenings, and the frequency of both rescue 
and maintenance therapy use. Because the majority of asthma 
visits are brief consultations in the primary care setting, a sim-
ple and quick tool for the assessment of worsenings is impera-
tive (70). According to a study by McCoy et al (16), the AS-2 
may be helpful in identifying patients with asthma worsenings. 
In this study, increasing levels of symptoms as revealed by the 
AS-2 were strongly associated with the probability of a subse-
quent worsening or exacerbation. The AS-2 is a simple test 
that has been suggested to be more relevant to clinical practice 
than other questionnaires assessing asthma symptoms. The 
AS-2 score is the average of the numeric responses to the fol-
lowing four questions: 

How many days were you bothered by coughing during 1. 
the past 2 weeks? 
How many days were you bothered by wheezing during 2. 
the past 2 weeks? 
How many days were you bothered by shortness of breath 3. 
during the past 2 weeks? 
How many days were you awakened at night by your 4. 
asthma during the past 2 weeks? 

Each question has the following possible responses: 1 (not at 
all), 2 (1-3 days), 3 (4-7 days) and 4 (8-14 days). These ques-
tions represent a subset of the questions used for the Asthma 
Symptom Utility Index, which has been found to be reprodu-
cible (intraclass correlation coefficient = 0.74) and signifi-
cantly correlated with FEV1 % predicted (r=0.27, P<0.001), 
the Asthma Quality of Life Questionnaire (r=0.77, P<0.001), 
and the Health Utilities Index Mark 2 (r=0.36, P<0.001) (71). 
There are even simpler validated tools for assessing asthma 
control over the previous week, a period of time relevant to 
detecting an asthma worsening in time to prevent an exacerba-
tion (72,73). These and other measures of control appear able 
to detect both ‘good’ and ‘poor’ control, but may be insensitive 
to the needs of patients experiencing asthma worsenings who 
may not fit within these control definitions (74,75).

Patient self-management plans have also been shown to 
reduce the frequency and severity of exacerbations (76-81) and 

improve asthma-related QOL (82) and, therefore, such plans 
will be critical to the optimal prevention and management of 
asthma worsenings. A systematic review (78) of 36 randomized 
controlled trials involving 6090 participants who received 
asthma self-management education, an asthma action plan and 
regular practitioner review observed a reduction in the propor-
tion of subjects with an exacerbation requiring admission to 
hospital, an ER visit for asthma or an unscheduled physician 
visit. A similar systematic review of studies involving children 
and adolescents also found that educational interventions for 
asthma self-management improved lung function and feelings 
of self control, and reduced absenteeism from school, number 
of days with restricted activity, number of ER visits, as well as 
the frequency of night-time symptoms (83). In fact, evidence 
suggests that both patients and physicians desire further asthma 
education. In the TRAC study (13), 98% of physicians and 
more than 90% of patients (93% with uncontrolled disease 
versus 95% with controlled disease) agreed that more asthma-
related patient education was needed. 

Therefore, self-management education and asthma action 
plans that support patients in identifying signs of worsenings 
and that explain how to intervene immediately during these 
episodes will be central to the prevention and optimal manage-
ment of asthma worsenings. Two studies (84,85) that instructed 
patients to increase their ICS/LABA maintenance dose during 
periods of worsenings demonstrated improved asthma control 
compared with regimens involving fixed-dose combination 
therapies plus as-needed reliever medication. 

Health care professionals must collaborate with the patient 
to design a flexible, acceptable, individualized self-management 
plan that not only addresses the prevention and management 
of worsenings, but that also takes into account patient goals 
and aspirations. Explicitly eliciting patient goals (ultimate out-
comes or results) for successful asthma management and using 
these as a basis for treatment and management recommenda-
tions may allow professionals to identify more effectively 
motivators that activate patients to be more engaged in the 
day-to-day management of their asthma and facilitate an 
awareness and assessment of meaningful changes in their 
asthma control that will serve to reinforce positive manage-
ment approaches.

It is important that health care professionals also identify 
the reasons for asthma worsenings and explore patients’ 
common-sense beliefs about these episodes (70). In other 
words, what is their everyday understanding of their asthma 
and how do they make sense of it? Health care professionals 
can provide information about asthma and medications; how-
ever, unless the information addresses patients’ common-sense 
beliefs about asthma and its treatment and management, it will 
not change behaviour. The ability to identify and address mis-
placed health beliefs (eg, “I only have asthma when I have 
symptoms”) can be improved by tailoring education to the 
patient’s understanding and management of asthma, learning 
style, readiness to learn, literacy level, and personal needs and 
goals. A simple and convenient treatment regimen that can be 
tailored to these patient characteristics is important. None of 
this can occur without establishing a patient-health care pro-
fessional relationship characterized by effective communica-
tion. It is important that health care professionals use the 
language of the patient to improve understanding of the 
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patient’s perspective and mutual goal setting. Research reveals 
that the descriptor often used by patients to describe asthma 
worsenings is breathlessness (4), suggesting that the language 
of breathlessness be used during encounters with asthma 
patients. 

Finally, an interdisciplinary team approach involving pri-
mary care practitioners, pharmacists, certified asthma educa-
tors and specialists is likely to have the greatest impact on the 
prevention, identification and management of asthma worsen-
ings. A demonstration project conducted with seven commun-
ity clinics treating approximately 3000 children with asthma 
(aged five to 18 years) found that an interdisciplinary team 
approach based on a shared decision-making model that 
involved practice data feedback, a clinician champion and 
continuous quality improvement processes reduced the propor-
tion of frequent SABA users from 42% to less than 12% (86). 
As previously discussed, frequent SABA use is a surrogate 
marker for asthma worsenings.

Evidence also suggests that pharmacists working in the 
community setting are ideally suited to identify patients with 
asthma worsenings, as defined by SABA overuse, and have the 
potential to make a significant impact on clinical outcomes in 
these patients. The majority of community-based studies focus-
ing on pharmacist interventions for asthma have shown posi-
tive clinical outcomes in patients participating in these 
interventions compared with study controls (87). A six-month, 
randomized, controlled, parallel-group trial conducted in 
66 community pharmacies in Belgium found that Asthma 
Control Test scores significantly increased in adult patients 
with uncontrolled asthma who received a predefined pharma-
cist intervention aimed at ensuring optimal use of asthma 
medication (n=107) compared with those who received usual 
pharmacist care (n=94) (88). It should be noted that patients 
with seriously uncontrolled asthma were referred to their phys-
ician. 

The intervention significantly reduced reliever medication 
use (mean reliever use of 0.9 puffs/day versus 0.67 puffs/day in 
the control and intervention groups, respectively, at six 
months; P=0.01) and the frequency of night-time awakenings 
due to asthma (mean of 10.7 awakenings versus 3.9 awakenings 
in the control and intervention groups, respectively, in a 
14-day period; P=0.04). The intervention also improved 
medication adherence (mean adherence rate as judged by 

prescription refills was 74.6% versus 90.3% for the control and 
intervention groups, respectively; P=0.02) and inhalation 
technique (percentage of patients performing inhalation man-
euvers correctly was 36.5% and 64.3% in the control and 
intervention groups, respectively; P=0.004) (88). 

Another six-month, randomized study (89) of 50 Australian 
pharmacies and 396 adult asthmatic patients found that a 
pharmacist-delivered asthma care program based on ongoing 
assessment, goal setting, monitoring and review improved 
asthma control compared with usual pharmacist care. Patients 
participating in the pharmacy asthma care program were 2.7 
times more likely to improve from ‘severe’ to ‘not severe’ than 
control patients (OR 2.68, 95% CI 1.64 to 4.37; P<0.001). 
Participation in the program also improved adherence to pre-
venter medication (OR 1.89, 95% CI 1.08 to 3.30; P=0.03), 
decreased the mean daily dose of reliever medication (differ-
ence –149.1 μg, 95% CI –283.87 to –14.36; P=0.03), and 
resulted in a shift in medication profile from reliever only to a 
combination of preventer plus reliever with or without a 
LABA (OR 3.80, 95% CI 1.40 to 10.32; P=0.01) (89).

These results suggest that a community pharmacist inter-
vention, targeting overusers of SABA therapy and underusers 
of maintenance therapy, may also help prevent asthma worsen-
ings.

SuMMARy
Asthma worsenings represent an exciting new concept in 
asthma management that provides patients, physicians and 
other health care professionals with a novel window of oppor-
tunity for early intervention and the prevention of exacerba-
tions or further deterioration of asthma symptoms (Figure 15). 
To date, combination ICS/LABA therapy, particularly the 
SMART approach, appears to be an effective strategy for the 
prevention and management of asthma worsenings and exacer-
bations (Figure 16). The benefits noted with this strategy 
appear to be the consequence of early intervention at a very 
early stage of a threatened worsening (2). Furthermore, a 
multidisciplinary team approach involving patients, certified 
asthma educators, pharmacists, primary care physicians and 

figure 15) Asthma worsenings: Overview. ICS Inhaled corticoster-
oid; LABA Long-acting beta-2 agonist; QOL Quality of life; 
SABA Short-acting beta-2 agonist
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figure 16) Theoretical impact of early treatment with single-inhaler 
budesonide/formoterol maintenance and reliever therapy (SMART) 
or fixed-dose inhaled corticosteroids/long-acting beta-2 agonist com-
bination therapy on the occurrence of exacerbations or further 
asthma worsenings
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specialists is likely to have the greatest impact on prevention 
and successful patient self-management of asthma worsenings. 
This approach should include regular assessment and follow-up 
of worsenings, individualized asthma education and goal-
setting, and should include a system to identify and address 
potential barriers to appropriate self-management of these epi-
sodes. Regular communication among multidisciplinary team 
members that encourages consistent messaging, feedback and 
reinforcement will also be paramount for the prevention of 
asthma worsenings and the overall provision of care for patients 
with asthma.

ConSiDERAtionS foR thE futuRE 
Given the paucity of data specific to asthma worsenings, fur-
ther research on the exact causes of worsenings as well as their 
relationship to exacerbations and lung function decline are 
required. The impact of worsenings on patient QOL as well as 
the societal and economic costs of asthma also require further 
investigation. In addition, it is important to identify the exact 
mechanisms by which the ICS and LABA components in 
fixed-dose ICS/LABA combinations or the SMART approach 
exert their beneficial effects. 

Furthermore, since asthma action plans are often underutil-
ized by patients, some experts recommend the development 
of a simple yes-no response-type algorithm for patients using 
single-inhaler devices that outlines a step-by-step approach to 
the early identification and management of asthma worsen-
ings. Such an algorithm may be as effective, but better utilized 
than action plans. 

Other suggestions for future research include:
Is there a threshold number of worsenings that should 1. 
prompt immediate concern and action?
Are some worsenings more important than others? For 2. 
example, are worsenings characterized primarily by 
night-time awakenings more likely to lead to severe 
exacerbations than worsenings characterized by increased 
daytime rescue therapy use? 
What other medications can effectively prevent and/or 3. 
manage worsenings? 
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